Since the early times, radioprotection has been focused on the human being. Currently this approach has changed, being now also necessary to take care of the protection of the environment from unwanted effects of ionizing radiation. To this end, several institutions (UNSCEAR, ICRP, IAEA, DOE, ACRP) and consortia of institutions (FASSET, ERICA) have established procedures in order to protect the biota of such effects. Developed procedures are based on the calculation of the absorbed dose in biota (ICRP, DOE, IAEA), or on environmental risk assessment-ERA (DOE, ACRP, FASSET, ERICA); but even in this latter approach the parameters used are related to the absorbed doses in biota. The calculation of dose is the standard procedure in human radioprotection, and this points such an approach as the most interesting for providing a convergence between human and nonhuman (= biota) radioprotections. On the other hand, the ERA approach is easier to apply, because this methodology is used in several countries for non-radioactive contamination assessments. Since the world radioprotection system follows a number of institutions (UNSCEAR, ICRP, IAEA and regulatory institutions of member countries) that use dose calculation, this appears to be the way for biota radioprotection. We here review and comment the evolution of the concepts and approaches of the recommendations for radioprotection of non-human biota.
Introduction
Since its origin, radioprotection is focused on the protection of the human being and aims to restrict exposure of individuals of the public. Similarly, protection of the environment was achieved according to the routes of human exposure to radiation. In fact, the concept of environmental radioprotection of the biota is a new approach that has been developed by the radioprotection community, mainly in the last decade [1] - [4] . The first concepts for environmental radioprotection, proposed in 1977 and modified in 1990, were derived from an anthropocentric point of view by the International Commission of Radiological Protection-ICRP [5] [6] that stated: "The commission therefore believes that if man is adequately protected then other living things are also likely to be sufficiently protected". This vision was justified by the greater radiosensibility of the human species, when compared to other species, as pointed out by some authors [7] [8] and by ICRP itself [5] [6] .
However, this approach does not withstand a simple ecological analysis. Indeed, differences in niches between the human species and all other representatives of the biota will necessarily generate different exposures. Type and rates of food consumption (through different food webs), breathing rates, water intake, physiological differences in absorption, biokinetics of elements in the organisms can be cited as fundamental to this assessment.
As expected, the anthropocentric approach was questioned by several authors [7] - [13] . ICRP itself [6] reassessed its own paradigm to state that: "Occasionally, individual members of non-human species might be harmed, but not to the extent of creating imbalance endangering whole species or between species". In addition, there are two other important facts to question the anthropocentric assertion: first, there are ecosystems in which the human being is not present (e.g. the ocean) and second, in emergency situations there is a recommendation to evacuate all humans from the so-called exclusion zones, but this cannot be applied to wild animals (e.g. in the surroundings of the Chernobyl and Fukushima nuclear power plants, after the accidents).
The parameters important for assessing the biological effects of radiation on ecosystems can be divided into three groups. The first group concerns the source of radiation and exposure; the second relates to the biology of the irradiated organism and the third relates to environmental factors. For the first group, the important aspects for the evaluation are the kind of radiation, its magnitude, duration and the exposure rate, together with the spatial distribution of the dose. In relation to the biology of the organism, one must consider the number of chromosomes, the volume of the chromosomes, the duration of the mitotic cycle, the percentage of cells that are dividing, the stage of the cell cycle, the cell or tissue type, the stage of cellular differentiation, the size of the organism, its age, the stage of the growth cycle, the nutritional conditions, the existence of sensitizing or protective substances and the biological species. Among ecological conditions, one can mention: season, temperature, humidity, length of daily brightness, solar irradiation, competition, parasitism, predation and kind of food chain [14] . In cited paper, the authors emphasized that the combination of environmental, chemical, physical and biological variables which cause stress to living organisms, has no measurable threshold [14] .
In fact, the richness and complexity of Biodiversity has always been an impediment to develop environmental radioprotection due to the multiplicity of factors to be considered. In order to set up a technically defensible mechanism for the protection of biota against the effects of ionizing radiation, the ICRP has made a series of recommendations. In 2003, a recommendation was published to describe a general frame for the protection of biota [1] . In 2007, ICRP stated the need for an explicit, and not implicit, protection of biota and defined the concept of Reference Animals and Plants (RAP) [2] . Finally, in 2009, it developed the mechanisms for dose calculation [3] and put this proposal in practice releasing transfer factors of 39 radionuclides for the suggested RAP [4] .
The present study aims to analyze the global framework of the main proposals for protection of biota from ionizing radiation.
Radioprotection of Biota

The World System of Radioprotection. How It Works
The world radioprotection system has been elaborated step-by-step, along decades, by a series of institutions. The core of the system is composed of three organizations: the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the ICRP and the International Atomic Energy Agency (IAEA). The UNSCEAR is part of the United Nations (UN) and is responsible for collecting data on the biological effects of radiation. Using these data, the ICRP set up recommendations aiming radioprotection, and gives thus a practical character to the knowledge of radiobiology. Finally the IAEA, on the basis of the ICRP recommendations, publishes guidelines and recommends their adoption by the member countries through their own legislation. In addition, several other institutions are invited by these organizations to assist them in the formulation of concepts and values used in radioprotection.
The Radioprotection of Biota in the Perspective of UNSCEAR
With respect to UNSCEAR the first reference to radioprotection of biota appeared its 1996 publication [15] , and followed the anthropocentric concept developed by ICRP discussed above [5] [6] . In these studies, the biota was considered as a part of the human trophic chain. This approach now changed as can be observed in Annex E of UNSCEAR's recent publication from 2010 [16] , where radioprotection proposals, proper to non-human biota, are finally released.
Following the current consensus, radioprotection of biota, proposed by UNSCEAR, is based on the protection of the biota at a minimum population level organization. The absorbed dose is proposed as the radioprotection parameter, and generic limits are established for terrestrial organisms at 100 µGy/h, and for aquatic organisms at 400 µGy/h. In Annex C of its 1996 publication [15] , UNSCEAR mentioned non-targeted and delayed effects of exposure to ionizing radiation. Then, in its 2008 publication [16] , it recognized that the effects of ionizing radiation do not express themselves only at population level but also at higher organizational levels (community, structure or ecosystem functions), and focus its concern on mechanisms that may affect these organizational levels such as reproductive success, genetic diversity, and so on.
Finally, the UNSCEAR points key elements of a framework for the assessment of the effects of radiation exposure on non-human biota which can be observed in Table 1 .
In the same publication UNSCEAR [16] proposed 12 reference organisms ( Table 2) , for dose assessments and hence for environmental radioprotection based on the concept of dose.
Dosimetric models are described, as well as their respective conversion factors of concentration of activity in dose rate for a number of radionuclides. Models are proposed to be applied in terrestrial and aquatic environments. This study also described the dispersion models of radionuclides in the environment (terrestrial and aquatic) and suggested generic environmental transfer factors to estimate radionuclide concentrations in the environmental compartments of concern.
The UNSCEAR points to the need for establishment of weighting factors for the different kinds of radiation and for organs/tissues, now repeating for biota radioprotection the evolution steps of the units to measure the dose of radiation in man, that started with the absorbed dose (i.e. the energy deposited by ionizing radiation per unit of mass or volume), then skipped to the dose equivalent (i.e. submitting the absorbed dose to a weighting factor depending on the kind of radiation, w R ), and finally to the effective dose (i.e. correcting the dose equiva Table 1 . Key elements of a framework for the assessment of the effects of radiation exposure on non-human biota [16] .
Element Considerations
Exposure of biota
• Spatial and temporal patterns of radionuclide in environment in material;
• Uptake by organism;
• Non-uniform distribution within organism.
Reference biota
• Not possible to evaluate all biota;
• Need to select reference biota or indicator species appropriate for area of interest and desirable basis for selection; • Possible need consider individuals biota per se when species are endangered.
Dosimetry model for reference biota
• Absorbed dose (to whole body or to tissue/organ); • Geometry corrections;
• Relative biological effectiveness (RBE): the effects of different qualities of radiation on biota.
Endpoints in radiological assessment • Selection of appropriate population level (deterministic) "umbrella" effects such as mortality or reproductive capacity and corresponding references doses.
Effects on biota
• Connection between radiation effects on "umbrella" endpoint in individual, and consequent "possible" effects on population; • Role of background radiation levels;
• Natural population variability. lent by a weighting factor to take into consideration the different kinds of tissues or organs, w T ). Although pointing to the need of these weighting factors, the UNSCEAR did not set their values.
The Radioprotection of Biota under the Point of View of ICRP
The ICRP has several publications related to environmental radioprotection; the most important were the recommendations N˚26 released in 1977 [5] , N˚60 in1990 [6] and N˚103 in 2007 [2] . In addition to these, one should mention publications N˚91 
Recommendation Number 26 from ICRP (1977)
The first attempt at environmental radioprotection based on biota appeared in recommendation N˚26 [5] . The anthropocentric vision prevailing at the time created the erroneous paradigm saying that if man is protected, then the biota will be protected as well. . Despite the exception of the individual risk, the ICRP system continued based on man and all the procedures still aimed at the protection of a single species: the human being.
Recommendation Number 91 from ICRP (2003)
This recommendation is the first to develop a system of protection giving bases and objectives for a true radioprotection of biota, using scientific and ethical principles [1] . It indicated how to assess the environmental radiological impact in terms of environmental protection and not in terms of the human species, as stated previously. Finally, it indicated the need to create a system of radioprotection integrating the one proposed for the human species with the new concepts for non-human species (biota). The objectives of this recommendation are here transcript:
• Defining how the ICRP can contribute to the attainment of society's goals of environmental protection by developing a protection policy based on scientific and ethical-philosophical principles; • Suggesting a framework for the assessment of the impact of ionizing radiation in the environment based on science to support requirements for protection of the environment against harmful effects of ionizing radiation; and • Showing how such a proposal for assessment of impact of ionizing radiation in non-human species can be interfaced with or integrated into an overall system of radiological protection.
This recommendation points scientific evidence for the need of environment protection and how this protection can affect, directly or indirectly, the human health, pointing out the need to complement national laws to protect the environment from unwanted effects of radiation.
The evolution of the concepts of environmental radioprotection is discussed in this recommendation, with emphasis on the various approaches. Briefly and according to ICRP, the step-by-step evolution of environmental radioprotection was as follows:
1. At the beginning, an anthropocentric vision prevailed: being man part of the environment, its protection will result in protection of the other species.
2. Then, calculations were used to demonstrate that the proposed annual dose limit of 1 mSv will ensure that the animals and plants of the human food chain will receive smaller doses and will be protected at population level [5] ;
3. The use of absorbed dose limit was proposed as a mean of protection of biota [1] - [4] ; 4. The use of the environmental risk assessment (ERA) was introduced to evaluate the effects of radionuclides on biota, together with the use of dosimetric models to estimate the dose rates that produce no measurable effect on some key organisms of the ecosystem [18] - [23] ;
5. The use of reference animals and plants (RAP) appeared to define a scope of protection that would accommodate dosimetric models, exposure estimate data and data on the relation exposure-biological effect, that could be used for decision-making in different circumstances of control of practices and intervention [1] - [4] ; 6. Finally, a system for protection of regional or national biota was defined in a practical way [1] [3] [4].
Recommendation Number 103 from ICRP (2007)
Recommendation N˚103, published in 2007 [2] , does not address directly the protection of biota, but the principles that guide radioprotection. Its main contribution to radioprotection of biota was breaking the anthropocentric paradigm, stating that environmental protection cannot be tied to human protection and that national authorities need to establish mechanisms to ensure this protection, as can be seen in the statement "However, [3] . It points out the need for a radioprotection common to humans and environment, explains criteria for the choice of RAP, describes in anatomical, physiological and ecological terms a group of RAP, defines the routes of exposure of described RAP, and calculates the conversion factors of concentration of activity into absorbed dose rate by the RAP.
In addition to the information given to calculate the dose, the recommendation collects information on the dose-effect relation in the RAP, evaluates them in terms of derived limits, and proposes a correlation between doses range and possible biological effects. The recommendation also proposes applications and extrapolations, emphasizing the differences in the biology, in exposure situations, in radiation dosimetry and in radiation effects among RAP.
With regard to the criteria for protection of biota, this recommendation uses the supra-population level, worrying about biological diversity and not about the individual itself, as can be seen in the following statements: "Since then, the Commission has published its revised set of recommendations [2] , in which it considered it appropriate to broaden it in order to address the protection of the environment directly, and thus to include in its general aims the prevention or reduction of the frequency of deleterious radiation effects in the environment to a level where they would have a negligible impact on the maintenance of biological diversity, the conservation of species, or the health and status of natural habitats, communities, and ecosystems. The Commission also stated that it believed that its approach to environmental protection should be commensurate with the overall level of risk, and thus optimized, and that it should be compatible with other approaches being made to protect the environment."
A questionable concept, from a radiological point of view, is the use of the absorbed dose, which in human radioprotection has been replaced by the equivalent dose and by the effective dose that express better the differences in biological responses due to the different kinds of radiation and due to the different radiosensibilities of organs and tissues. An additional question of ecological meaning is related to the protection of biota at community and ecosystems levels rather than at individual level, as occurs for humans. This point is particularly relevant in the case of endangered species where each individual must be protected.
Recommendation Number 114 from ICRP (2009)
In publication N˚114 from 2009 [4] , the ICRP complements recommendation N˚108 [3] , actually furnishing environmental transfer models together with transfer parameters for 39 radionuclides, to the set of RAP's described in ICRP-108 [3] .
The Radioprotection of Biota in the Perspective of the IAEA
The IAEA is the less advanced international institution in relation to biota radioprotection via dose calculation. There is no specific publication on biota radioprotection. Its main recommendation, BSS-115 [24] , does not mention biota radioprotection. Two conferences were organized on the topic of "protection of the environment from the effects of ionizing radiation", one in Australia [17] , the other in Stockholm [25] , but resulting publications reflect the ideas of the authors and not of the IAEA.
The Radioprotection of Biota in the Perspective of the DOE
The Department of Energy of the United States (DOE) began to work on the formulation of biota radioprotection principles in the nineties of past century. The concept laid on the ecological risk assessment (ERA) and focused at the population level of the organisms using reproduction endpoints. DOE did not use the concept of reference animals and plants (RAP) which was developed after their preliminary studies [18] - [20] .
DOE reviewed data on acute and chronic radiation effects from biota exposure and proposed dose rates corresponding to expected safe levels of exposure. Values are of 10 mGy/d for aquatic animals and for terrestrial and aquatic plants, and of 1 mGy/d for terrestrial animals. DOE was the first to elaborate a model based on a kinetic-allometric approach.
The Radioprotection in the Perspective of the Advisory Committee on Radiological Protection (ACRP)
The Advisory Committee on Radiological Protection considers, as the DOE does, the use of the ERA and identifies chronic toxicity values (CTV) with estimated non effects values (ENEV), as can be seen in Table 3 [26] . In their opinion, the ultimate goal of ecological protection is to ensure that communities and populations of organisms can thrive and that all the component parts will be self-sustaining. The ACRP understands that the radionuclides are distributed unevenly, but as far as calculation is concerned, radionuclide distribution is assumed to be homogeneous.
The Radioprotection in the Perspective of the Framework for Assessment of Environmental Impact (FASSET)
Based on the concept of environmental risk assessment (ERA), the FASSET approach indicates a wide variety of issues relevant to the protection of non-human biota from ionizing radiations. It develops dosimetric models, databases of ionizing radiation effects on non-human biota, environmental transfer factors, and indicates some reference organisms. The endpoints used are the morbidity, mortality, reduction of reproductive success and mutation [23] . Within this program the FASSET radiation date base (FRED) was build up. It is a database on the effects of ionizing radiation on non-human biota used as one of the bases by ICRP for its publication N˚114 [4] .
The Radioprotection in the Perspective of Environmental Risk from Ionizing Contaminants: Assessment and Management (ERICA)
This project is the successor of the FASSET project [23] and undertook an evaluation of data quality of the FASSET and expanded the FRED. It uses the concept of environmental risk assessment tiered methodology that required values of risk assessment screening dose rates for risk characterization within tiers 1 and 2. Following the recommendation of the European Commission, it estimates the predicted non-effect concentration (PNEC). The endpoints used are mortality, morbidity and reproduction. In the case of chronic exposures, the effect dose rates (EDR 10 ), in µGy/h, were estimated. It is the dose rate with 10% chance of presenting measurable biological effect. Finally, dose rates were established when no measurable effect is expected to occur, named the "predicted non-effect dose rate" (PNEDR) [21] [22].
Conclusions
There has been a change in the concept of environmental radioprotection. Formerly anthropocentric, it changed to an environmental radiological impact assessment in which the biota is taken into consideration. The current technical framework points the evaluation of absorbed dose in biota as a technically defensible way. The ICRP has proposed the use of range of doses and their possible biological effects, unlike the concept used in human radioprotection where the concept of dose limit is used. The use of the concept of human reference was incorporated into the model, with the choice of some reference organisms. Another difference between the approaches of human and biota radioprotections is the focus of what to protect: considering human radioprotection the focus is the individual, considering non-human biota protection focus on the populations. Even in the absence of a consensus in how to protect the biota, the ICRP built up, since the year 2000, a framework that was consolidated, step-by-step, and that may now be considered as a viable way, both technically and ethically/morally defensible. It may be considered as a progress in relation to the previous concept. The environmental radioprotection underwent an evolution from the anthropocentric vision to an expanded scope, such as the evaluation of the food chain in terms of dose. The use of the concept of absorbed dose limit has been proposed as well as the application of the concept of environmental risk assessment, followed by the concept of RAP. Finally the ICRP set up a framework of biota protection, based on the concept dose absorbed by RAP that is scientifically, ethically and morally defensible.
